Abstract -Service-learning presents exciting new ways for students to enhance their learning. Educators and scholars agree that service-learning is connected to self-efficacy, which affects student performance. This research tests the development of self-efficacy in students enrolled in service-learning and traditional sections of a first-year engineering course. Using a previously developed metric, the Engineering Skills Assessment (ESA), students enrolled in service learning (SL) and "traditional" (non-SL) sections quantified self-efficacy on 11 skills previously deemed important for engineering. Student responses were compared between SL and non-SL students at the beginning and end of the semester. Analysis of the collected data using exploratory factor analysis (EFA) grouped self-efficacy ratings for the 11 skills into three meaningful constructs: (1) Job-related skills (2) Interpersonal skills and (3) Life skills. Mean self-efficacy scores were significantly better at the end of the course for non-SL students in all areas and for SL students in four of the 11 skills and two of the three constructs. Self-efficacy growth was significantly higher for non-SL students, which may be due to the Dunning-Kruger effect. However, similar percentages of both populations selfreported that their skills were improved at the end of the semester due to the class. This research also supports the use of the ESA as a reliable psychometric tool to evaluate student self-efficacy and its relationship to service-learning.
INTRODUCTION
In 2004, the National Academy of Engineering (NAE) set forth aspirations for the state of engineering in 2020 which included the goal to produce "engineers who are broadly educated, who see themselves as global citizens, who can be leaders in business and public service, and who are ethically grounded" 1 . These broad aims stretch far beyond classroom skills and require educators to take a more holistic approach. Experiential education, in the form of service-learning, which allows students to exercise their academic skill-sets outside of the classroom in a meaningful setting, is one method to integrate NAE's broad goals.
Jacoby's recent review of the essential practices of service-learning describes service-learning as a "form of experimental education in which students engage in activities that address human and community needs, together with structured opportunities for reflection designed to achieve desired learning outcomes." 2 Service learning in engineering has been recognized during the last two decades as a valid pedagogy to address student learning outcomes that go beyond classroom content teaching, and thus addressing ABET student outcome criteria (a) -(k) 3 . In this respect, the engineering curriculum is fertile ground for service-learning programs that have demonstrated benefits to individuals, institutions, and their communities.
Many engineering service-learning projects are tied either into design courses, with the EPICS (Engineering Projects in Community Service) Program at Purdue University 4 being the largest and longest standing in the U.S., and/or into international experiences providing engineering services and solutions to the developing world, e.g. through cooperation with Engineers Without Borders (EWB) 5 . In our case, engineering students mentor robotics teams at local elementary and middle schools, thus providing mentoring and role modeling for younger students. Indeed, such mentoring and role modeling has been found to be highly important for traditionally underrepresented populations 6 to create a proverbial "pipeline of possibility," in which these students understand their own STEM skills and recognize the pathways into STEM fields.
The goal of this research is to examine the effects of service-learning on undergraduates' selfefficacy in skill areas important for careers in engineering. The Engineering Skills Assessment (ESA) was developed in Maloney, Dent, and Karp 7 to understand student self-efficacy in engineering. Development of this metric used qualitative analysis to determine the skills that students believe are important for careers in engineering and identified 11 such skill areas. Previous research, discussed below, indicates that student growth in a given area is highly dependent on the student's evaluation of a given skill as worthwhile. The ESA allows students to rate their self-efficacy on these skill areas. Using this metric, this study surveyed a number of students enrolled in an introductory engineering course, administering pre-and post-tests in each section of the course, including sections that did not carry the service-learning component (but had otherwise identical curriculum and non-self-selected student populations). Additionally, the posttest ESA metric also asked students directly to identify whether they believed that the course in which they were enrolled had an effect on their skill levels in the identified areas. This basic design allows us to use the self-efficacy ratings to both measure self-efficacy growth over time, and compare SL students to their non-SL counterparts. This quantitative study is designed to both test the validity and reliability of this ESA metric, as well as answer the following research questions:
International Thus, our hypotheses are:  H1: Students' self-efficacy ratings can be categorized into groups of related skills. One or more of these groups may be meaningful to service-learning (i.e., skills that will be particularly exercised in SL classes).  H2: Self-efficacy in each skill category from the ESA survey increases between beginning (T1) and end (T2) of semester, for both SL and Non-SL students.  H3: Self-efficacy change during the semester is different for SL and non-SL students, particularly in skills related to service-learning as opposed to the group engineering design project of non-SL students.  H4: Those groups of related skills from hypothesis 1 will also display a difference between changes among SL and non-SL students over the semester.  H5: There will be contradictions between the actual numerical changes between T1 and T2 and the student self-assessment ("yes/no") of whether s/he improved on a skill.  H6: Hypothesis 5 should differ between SL and non-SL students on the skills associated with service-learning.
This first-year engineering course that is offered to students in different engineering disciplines addresses the following topics: an introduction to the profession, engineering problem solving, MATLAB programming, Excel basics, professionalism and ethics, and experiences in team projects. The SL and non-SL sections mainly differ in whether a semester-long service-learning versus design project is assigned. Students are not aware of whether a section is designated as SL when registering. While they could theoretically drop the course to take a different section, only about 1 percent of students in our study did so. Thus, this is as close as we could get to random selection.
To fulfill their service-learning project, students mentor local robotics teams comprised of elementary or middle school students by helping them with their design process and teamwork skills. This project arose from a community need: the college has been offering a robotics competition for elementary and middle school students for over ten years and prior to this SL class, hourly paid undergraduate students and engineering student volunteers mentored teams at local schools. Teachers commented on the high value of the engineering students in the classroom given their technology skills and the different perspective that they bring to the group and annually requested new mentors. At the same time, the students appreciated this opportunity, which provided them with insights into the challenges of a real-world project, oftentimes at an early point within their studies. As they mentor, undergraduates apply the engineering skills they acquire in the classroom to help younger students create robots and solve engineering problems in innovative ways, using knowledge that the younger students might not yet have. They are also being taught essential mentoring skills from the professor, teacher, and via real-world experience, as well as how to act as a role model. They are required to complete 15 hours (some report spending more) of service-learning engagement with their teams, who reflect the demographic composition of their schools. That is, in some schools, this means that team members are from predominantly lowincome families and/or students of color while in other schools, teams are mostly higher-income and/or white students. Participation is mostly even in terms of gender. The service-learning project is comprised of i) weekly sessions for about an hour at the school, ii) attendance at the competition events, and iii) a series of reflection papers answering questions relevant to the service-learning activities and its connection to course concepts. These reflections allow undergraduates to connect their academic knowledge with the service-learning activities that they are utilizing with the mentees.
The design project in the non-SL sections is a team-oriented design project aimed at comparing observationally-and numerically-generated datasets. Teams are self-selected and each team of students has to design and build a project-defined device, model its performance using computer software, test it, and compare experimental and theoretical data sets. Students receive step-bystep instructions throughout the semester and have to submit several progress reports as well as a final report.
While it would be impossible for us to give students in the SL and non-SL classes exactly the same experiences, especially given that we are trying to test the effects of SL, we argue that these two experiences (the design project and the SL activities) exercise similar skill modalities, with SL students having an additional experience, external of the collegiate classroom, where they engage these skills through their work with mentees. Both projects are comparable in terms of their focus on working in teams, having a distinct end goal that necessitated work on project design and engineering skills, and the need to exercise problem-solving skills to overcome design and knowledge challenges. However, we also acknowledge differences in the nature of both projects: non-SL students work in a small group of peers and are asked to perform and document the engineering design themselves whereas SL students are mentors and thus assist others with solving a design project and then write reflection papers. The latter also communicate to a larger group of audiences including mentees, teachers, parents, and competition organizers. The learning objectives and subject material of each section of the course are identical, with similar course structure that combined lecture and small-group work. The assessments are identical, with the exception that SL students are graded on the service learning project, while non-SL students are graded on their design projects.
Given the near random selection, there is no difference between the student populations in these courses in terms of students' prior experiences or their demographic characteristics. As mentioned previously, students did not know whether they were signing up for a SL or non-SL section until the first day of class; thus, we argue that neither differences in pedagogy nor selfselection among students should account for differences between the classes.
LITERATURE -SERVICE-LEARNING
Scholars in the field of service-learning often identify its origins in early education researcher John Dewey, "viewed as the father of experiential education" 2 . Jacoby 2 traces the theoretical roots of service-learning from Dewey, through Kolb's Experiential Learning Model 8 , through PorterHonnet & Poulsen's "Wingspread principles" 9 and much research that occurred contemporaneously. A robust and growing body of literature affirms the power of service-learning in higher education to affect students in a holistic way, nurturing their academic, social and personal selves (for a thorough review of this literature see Eyler, Giles, Stenson & Gray 10 ). That is, students who participate in service-learning are more likely to report growth in pro-social behavior and reasoning over the course of the semester 11 . Part of this may be due to the modality of learning predominantly used in service-learning: small groups. Specifically, small groups may
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foster personal responsibility for active learning in undergraduate students, which may also increase the effects of the course's academic and professional content (such as skills like teamwork and time management) 12 . This may be particularly the case for both undergraduates and K-12 students who are members of underserved populations in engineering, like women and students of color. That is, female engineering students have been found to be disproportionately attracted to SL courses 13 and report more positive assessments of SL than male students 14 15 . Students of color also report similar effects, perhaps because these students are more likely to report personal orientations of social justice that easily align with SL projects that benefit underprivileged groups 16 . The development of service-learning programs in engineering education is new, relative to fields that used service-learning before it was ever formally defined (such as nursing, social-work, and teaching). The push for more holistic engineering education has been described by some as a 'paradigm shift' 17 . This shift helps explain the development of service-learning programs in engineering. As service-learning became more mainstream, educators in engineering have recognized its value in reaching the student in a more complete way 4 13 18 . Service-learning in engineering has (as in other fields) been found to aid students in developing critical thinking and communication skills, improve content knowledge, and increase students' enjoyment in the field 17 18 . More specifically, a meta-analysis of the effects of service-learning found that "servicelearning has a positive effect on understanding of social issues, personal insight, and cognitive development" 19 . Lemons, Carberry, Swan, and Jarvin 20 concur, finding that SL students had better metacognitive and planning skills.
THEORETICAL FRAMEWORK -SELF-EFFICACY
Perception of one's ability to perform a given skill matters. There is a long history of research that details the effects of self-efficacy on all manner of students' academic, career, and personal achievements. It is the goal of this particular study to examine the effects of service-learning on self-efficacy, specifically in terms of skills that our previous research has identified as important to engineering in the eyes of students 33 . As such, this section will explore existing literature that documents the importance of these skills, and what this literature tells us about service-learning and its role in supporting students in these areas, particularly undergraduate engineering.
Since the emergence of social cognitive theory, a wide body of research has been devoted to assessing the effects of self-efficacy, a fundamental concept underpinning this theory. Albert Bandura 21 22 23 , the founder of social cognitive theory, explains that "perceived self-efficacy refers to beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments." 23 22 Over time, perceived self-efficacy "has emerged as a robust predictor of motivation and performance across time, a variety of environments, and different populations" 24 . More specifically, for college students, multiple authors have determined that self-efficacy is predictive of academic performance in mathematics 25 and writing proficiency 26 , as well as a host of other academic outcomes 27 28 29 30 31 32 . As a significant predictor of academic success, it is not surprising that self-efficacy plays a role in determining the "life pursuits they foreclose from consideration, as well as those they choose to follow and their level of interest, staying power and success in them." 22 More specifically, Bandura argues that "beliefs of personal efficacy play a key role in career development and pursuits." 22 The relationship between self-efficacy and academic persistence is of crucial importance to engineering, as programs seek to increase retention and produce high-achieving students. Interestingly, there seems to be a predictable pattern in how individuals rate their self-efficacy and competency at given skills as they progress longer in the study of that skill: the DunningKruger effect. Given the research on self-efficacy and the effects of perception discussed above, one might expect that there is a linear association between one's time spent working on a skill and the perceived mastery of that skill. In fact, Kruger and Dunning, found that the relationship is nonlinear, in that beginners tend to over-estimate their skills, then significantly decrease those estimations once they spend a critical mass of time sharpening those skills, finally increasing their self-ratings as they spend more time mastering the skill. This is because, for those who are just beginning and unskilled, "their incompetence robs them of the metacognitive ability to realize it." 33 Thus, in individuals who are actually forced to confront their (lack of) ability in a skill, we should expect to see initial high self-ratings before confrontation, but then a (temporary) decrease in their self-efficacy.
METHODS

Data Collection
The Engineering Skills Assessment (ESA) was distributed to all students in our study during the first (T1) and last (T2) week of classes, asking them to rate themselves on these 11 skills using a 1-5 Likert-type scale, thus allowing us to measure changes in self-efficacy over time.
After IRB approval, instructors received detailed instruction about how students were expected to complete the survey, in order to ensure that they were well prepared to assist students who had any questions about how to complete it. Students were not provided at T2 with their original answers to the survey at T1, to enhance the validity of their answers. At T2, the survey contained an additional column ("yes" or "no") asking students if a skill had improved during the semester because of this class. From 2014-16, we compiled data for fourteen sections of this course, three of which were service-learning (N=141) and 11 of which were not (N=506). A more detailed description of the service-learning course that was the subject of this paper can be found in 34 35 . Total valid responses (consisting of an ESA at T1 and T2) were 93 in service-learning and 307 in non-service-learning, for a total N of 400. This is, respectively, a response rate of 66% and 60.7%. Non-response was due in part to students who failed to fill out the survey completely, and/or students who were absent on one of the days that the survey was distributed or who dropped the class during the semester. Since this is non-random missing data, it has the potential to bias the sample, but we could find no evidence that the ESA survey at T1 of those who dropped were different from those who stayed, so the bias may be minimal.
Metric
The ESA measures self-efficacy scores for 11 skill areas: In addition to answering the specific research questions stated above, this research is also interested in testing the reliability of the ESA itself as a psychometric assessment tool for selfefficacy in engineering-based service-learning programs. So, before reporting the specific results below, the Cronbach's alpha at T1 was 0.773 and at T2 was 0.771 for all students, suggesting a relatively high level of internal consistency on the scale. Cronbach's alpha is a metric of how consistent the answer choices of the respondents are. The Cronbach's alpha results for SL vs. non-SL and grouped skills can be seen in the last results subsection below.
Data Analysis
To analyze the data, we first determined if the ESA was in line with previous literature about the main effects of service-learning on student efficacy in terms of academic, interpersonal, and professional skills. For this task, we used exploratory factor analysis (EFA) that included each of the 11 items at both T1 and T2, to determine whether there were any natural groupings among them, and whether those groups reflected previous research. Then, we wanted to see whether and how student efficacy changed over the course of the semester (T1 and T2), and how those changes compared between SL and non-SL students. For this portion of the analysis, we used t-tests to determine whether there were statistical differences. Specifically, a set of paired t-tests were conducted to explore the significance of self-efficacy change over time, and a set of two-sample ttests were used to determine whether self-efficacy growth was significantly different for SL and non-SL students. Each set of tests was conducted for both the individual skills and the skillset constructs established by the factor analysis. This was done in order to capture any nuances that may have been lost in the theoretical constructions of skillsets, and to see the results from the metaanalysis of the three grouped skill sets.
RESULTS
Hypothesis 1:
The ESA can be grouped. In order to discern an underlying dependency structure and test the internal reliability of the ESA metric, we conducted an exploratory factor analysis (EFA) on the eleven self-efficacy items. Separate analyses were conducted using the self-efficacy items at T1 and those at T2 and are reported below (Tables 2 and 3 ). For each analysis, factor correlations above .32 (Table 1) suggest that oblique rotation is appropriate because they are correlated 36 , so the factor analysis reported uses a promax rotation. For more information on how these factors were derived, see below. The overall Kaiser-Meyer-Olkin measure of sampling adequacy was sufficient to support the assumption of multicollinearity and thus to deem factor analysis appropriate (.7995 for T1 data, and .8029 for T2 data).
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TABLE 1 FACTOR CORRELATION MATRICES
In each analysis, three factors emerged, each with eigenvalues above 2.0, and each of the 11 items loaded onto one of three factors, each with factor loadings above 0.40 (Tables 2, 3 , and 4). Eigenvalues are, roughly, how closely related the clusters of the data are. The constructs that emerged are theoretically consistent with previous literature that discusses the benefits of SL in engineering curriculum. We have labeled these constructs based on these theoretical underpinnings. Job-Related Self-Efficacy includes skills related to math, problem solving, technical/computer skills, analytical skills and creativity; Interpersonal Self-Efficacy includes communication, teamwork, and leadership skills; Life Skills Self-Efficacy includes time management, organizational skills, and attention to detail. Note that the Attention to Detail item loaded on the first factor at T1 and the third factor at T2. We include it in the Life Skills group based on the higher factor loading score in that group at T2 (compared to its score in the first group at T1), and because it is more theoretically consistent in the Life Skills group than in the Interpersonal Skills group. This is also empirically consistent with the qualitative data we collected to construct this metric 33 .
International In addition to the reliability suggested by relatively high eigenvalues, the constructs developed here explain 72% of the overall variance in the data at T1, and 66.55% of the overall variance in the data at T2 (Table 4 ). Cronbach's Alpha scores are reported for each construct developed by the factor analysis. All scores meet a minimum threshold of reliability (>.6) that supports the development of the individual constructs discussed here. In terms of testing the reliability of the ESA metric itself, these scores supplement the overall Cronbach's Alpha scores reported above to support our claim of internal consistency of the scale.
TABLE 4 FACTOR DESCRIPTIVE STATISTICS
Overall, hypothesis 1 is supported that the skills can be categorized into these groups.
Hypotheses 2, 3, and 4: Assessments change over time (differing between SL and non-SL students) in both individual skills and skillset constructs found in the factor analysis
To examine how SL and non-SL self-efficacy changes over time in terms of both individual skills and the skillset constructs established by EFA, we conducted multivariate hypothesis testing. Paired t-tests were conducted to determine the significance of the mean difference between T1 and T2 self-efficacy scores for each skill, and for each construct, among each group of students (SL and non-SL). Overall, we can see in Table 5 that, regardless of being in SL vs. non-SL, students tend to rate themselves as above average in these skills both at T1 and T2 on a 1-5 scale. In other words, most students see themselves as above average in almost all skills.
More specifically, these tests reveal that, on average, non-SL students reported statistically significantly higher (p<0.001) self-efficacy scores at T2 than at T1 for all individual skills (Table  5) , and also for each skillset construct (Table 6 ). In contrast, in terms of self-efficacy on individual skills, SL students reported on average statistically significantly higher self-efficacy scores at T2 than at T1 for math/science skills (p<0.01) and for teamwork skills, technical skills, and organizational skills (p<0.05). Their self-efficacy scores also increased (though not significantly) in the areas of problem solving, analytical skills, and communication skills. For SL students, however, self-efficacy dropped on average from T1 to T2 for attention to detail and time management skills, although these decreases were also not significant (Table 5 ). In terms of the skillset constructs described above, SL students report on average a significant increase (p<0.01) for job-related and interpersonal self-efficacy (Table 6 ). A second set of tests was conducted, using two-sample t-tests to compare self-efficacy growth between SL and non-SL students, for each skill individually, and for each skillset construct. Twosample t-tests performed for the scores provided for each skill by SL and non-SL students showed that there was no significant difference between both populations for any skill at T1. Specifically, two-sample t-tests were performed on the difference in score change between T1 and T2, sorted by student populations (SL vs. non-SL) to determine the significance of the difference in the mean change of self-efficacy scores between each student group. In other words, the first group of tests (paired t-tests, Tables 5 and 6) seeks to understand whether self-efficacy growth is significant, and the second group of tests (two-sample t-tests, Tables 7 and 8 ) seeks to determine whether that growth is significantly different among SL and non-SL students. In terms of self-efficacy growth on individual skills, this second set of t-tests reveals that the mean difference of growth between SL and non-SL students is indeed significant for Problem Solving Skills, Leadership Skills, Time Management Skills, and Attention to Detail ( Table 7 ). Note that for all skills, the mean growth was higher for non-SL students than for SL students, a fact that we will discuss further later. Two-sample t-tests also compared self-efficacy growth between student populations in terms of the skillset constructs developed above. The paired t-tests discussed above (Table 6 ) reveal that while both SL and non-SL students reported significant growth over the course of the semester, non-SL students reported, on average, over twice as much self-efficacy growth as SL students in job-related and interpersonal self-efficacy (respectively, for non-SL students, mean growth of 0.329 and 0.3626, both at p<0.001; compared to SL students, 0.157 and 0.172, both at p<0.01). The two-sample t-tests conducted here, and shown in Table 8 , confirm that this difference between student groups is statistically significant (at p<0.001 and p<0.01, respectively). In terms of life skills, self-efficacy growth is only significant in the non-SL group (0.274, p<0.001, as seen in Table 6 ), however two-sample t-tests reveal a statistically significant difference between SL and non-SL students, in which non-SL students report self-efficacy growth in the construct of Life Skills of eight times as high as their SL counterparts (0.2145, p<0.001). This may indicate that this construct is of particular importance when comparing the experiences of SL and non-SL students.
Though not represented in a table, it is important to note that a set of two-sample t-tests was performed that compared SL and non-SL students' self-efficacy ratings at T1 and at T2 (separately). These tests revealed no significant (p<0.05) difference between SL and non-SL student ratings on any individual skill at T1. At T2, means were significantly different (p<0.01) for Leadership and Time Management and (p<0.05) for Problem Solving and Technical Skills as well as for all three skillset constructs (p<0.01) established by the EFA.
Overall, Hypothesis 2, that self-efficacy increases for all students between T1 and T2, is supported. The two cases where the self-efficacy decreased (in time management and attention to detail for SL students) were not statistically significant. When grouped as indicated by the EFA, both types of students had increases, although the non-SL students appear to have higher increases. Hypothesis 3, that self-efficacy change is different for SL and non-SL students particularly in skills associated with the SL project, is in alignment with the findings of Hypothesis 2. It is also supported, albeit not in the direction initially predicted. That is, we assumed that the Interpersonal Skills and Life Skills (constructed via the analyses for Hypothesis 1) would be those most affected by participation in the service-learning project. Indeed, there was a difference between non-SL and SL students in those groupings, but the non-SL students were statistically significantly more likely to rate themselves higher at the end of the term, as compared to the SL students. This was actually true for all skills. Overall, the non-SL students had higher increases in self-efficacy than the SL students in every skill. This is in alignment with our findings concerning Hypothesis 4, also supported, that the groupings from the EFA also show differences between SL and non-SL students.
Hypotheses 5 and 6: Contradictions between Numerical Self-Assessment and Word-Based Assessment
A third test looked for indicators that a student's understanding of his/her performance in a skill changed over the duration of the semester. While students were given the same survey at the beginning and end of the semester, they filled out the end-of-semester survey without looking at their scores from the beginning of the semester. This was to try to lower respondent bias as much as possible -we assumed that students would be likely to score themselves higher on skills at the end of the semester given their feeling that they had worked on those skills during the semester, so of course they would be better at them. This methodological choice to not let them see the T1 -9033 39 scores might lead to some score deviations at T2 (perhaps given faulty memories), so the end of semester (T2) survey also asked students if their skill level had improved throughout the semester because of the class. Students answered this question with yes/no for each of the 11 skills evaluated. Figure 1 shows the percentage of students who reported improved skills at T2 separated by SL and non-SL students. (SL = BLUE, NON-SL=RED)
As can be seen from Figure 1 , the majority of students felt that their skills had improved throughout the semester as an outcome of taking the class, with over 80% saying "yes" for Teamwork and Problem Solving skills for both populations (SL and non-SL). As mentioned above, this may be due to an assessment fallacy -when individuals put work into a skill, they want to feel like they've improved. While the general trend is similar among both populations, a larger percentage of SL students reported improvements in Communication, Teamwork, Creativity, Problem Solving, Analytical Skills, and Attention to Detail. While the bars differ on sight, a twosample t-test indicates that there is no significant difference in the percentage of SL and non-SL students reporting improvement for any of the skills.
Next, we looked at the difference in score between T2 and T1 for those students that reported an improvement in a skill ("yes"). If a student applies the same scoring system at both times, then the T2 score should be larger or equal to the T1 score of that skill, since a skill can remain at the 25-44, Fall 2018 ISSN 1555 40 same level or improve over time but is unlikely to worsen. However, if a student realizes during the semester that his/her proficiency in a skill is not as high as he/she thought at the beginning of the semester, then it is reasonable that the student scores him-or herself lower at T2 despite having improved in a skill. There also may be other factors at play, such as students not remembering their previous score or having a bad day when they filled out the T2 assessment, but it also seems possible that there are individuals who realize that their initial assessment was too high. Results are shown in Figure 2 . In all but Organizational Skills, the percentage of SL students reporting a lower skill level at the end of the semester (T2) -despite saying that they have improved in that skill because of the class -is higher than for non-SL students. At a p<0.05 significance level, the skills that were significantly different between SL and non-SL populations were Problem Solving (p=0.0008), Creativity (p=0.0340), and Leadership (p=0.0326). These results are intriguing and may be at least partially explained by the Dunning-Kruger effect explained in the theoretical section of this paper. These three skills are some of the ones that the SL project described above may most develop in students, given the focus on mentoring elementary and middle school students and helping them come up with solutions to their problems. Hypothesis 5 was supported -for some people, there were contradictions between the numerical changes between T1 and T2 and the yes/no student assessment, although there was no significant difference between SL and non-SL students in this group. However, when treating those who both answered "yes" and who had a lower score at T2 than T1, we note that there is a difference between SL and non-SL students, particularly on three skills that could be associated with the service-learning project: problem solving, creativity, and leadership (Hypothesis 6). The SL project and non-SL engineering design process vary in the way these three skills are applied. While non-SL students judge their own creativity and problem solving as it relates to the design project and leadership skills as they apply to a small team of peers, SL students are exposed to a wider set of challenges. They are asked to solve problems that arise within the groups of mentees which they cannot anticipate and need to "think on their feet" to help their mentees. They are also exposed to a larger set of creative solutions, given that they oftentimes are in charge of several groups and that particularly younger students tend to have a still unlimited imagination. Their leadership task is also more complex. Not only are they asked to solve unanticipated problems on the fly but they must also not provide their mentees with the solution directly but rather need to guide them on their way. SL students feel responsible for the success of their mentees and if these perform poorly at the competition, this reflects negatively on their leadership skills. Thus, given their experiences, it is possible that the Dunning-Kruger effect disproportionately affected the SL students.
DISCUSSION & CONCLUSION
Does service-learning matter? Though, on average, self-efficacy increased regardless of SL designation, it is apparent that self-efficacy growth is ostensibly suppressed among SL students, even in those skills that should be developed by the service-learning project. In some cases, it was true that this suppression was particularly marked in those skills. This then leaves us with an apparent conundrum: the SL students perceive themselves as lower on those skills than non-SL students, even after spending an entire semester on them. Is this true, or do SL students now have a different assessment framework for those skills than non-SL students?
While we do not have a conclusive answer to this question, we argue that it is possible that these results are indicative of a Dunning-Kruger effect 32 , which hypothesizes that "the skills that engender competence in a particular domain are often the very same skills necessary to evaluate competence in that domain." Based on this effect, we believe that it is quite possible that SL students, who are exposed to a wider range of skillsets throughout the course than those who are not engaged in the service-learning section of the course, are likely to become competent enough in those areas to recognize their own lack of competence. In other words, SL students may go through a process of 'figuring out their weaknesses' in certain areas that other students do not.
In particular, we believe that of the skills tested here, service-learning is designed especially to expose students to skills that fall in the Life Skills and Interpersonal Skills areas. As such, this effect may explain the especially low growth ratios for service-learning students in these areas since SL students struggle more in these areas than their non-SL counterparts. It may additionally be the case that the design project in the non-SL sections caused differential growth and selfassessment than what the SL students experienced, but the pattern in the yes/no answers (seen in Figures 1 and 2 ) is striking.
International Overall, our hypotheses were all supported, albeit not always in the manner in which we initially expected. Students' self-efficacy ratings could be categorized into groups of related skills, and student self-efficacy increased both on individual skills and in those groupings, both for SL and non-SL students. However, the slope of those increases differed not only between SL and non-SL students, but also by individual skill. Intriguingly, there is evidence that there is a group of students who rated themselves lower at the end of the semester but said that they had increased, which may indicate that their initial assessments had been inaccurate. These are not, we argue, inconsistences in the results, but may be an important indicator of student growth. SL students may be more aware of their opportunities for growth than non-SL students because of their exposure to the service-learning project.
Our suggestion that the Dunning-Kruger stifles self-efficacy among SL students comes from both our experience as educators and the expertise of scholars who have developed and refined this theoretical concept over a number of years. However, we would be remiss to ignore the possibility that this effect is not in fact at play, and that SL students are actually less likely to perceive improvement (rather than perceiving that the bar has gotten higher). We believe that the conclusions presented in this study should mobilize further research that will seek to determine why SL students may not see as much of their own growth in these areas. If even some students offer insight that does not support the Dunning-Kruger effect, then such research will present insight that will allow educators to strengthen SL programs in engineering.
To further shed light on this aspect, we intend to analyze the reflection papers of the SL students and hold focus groups with both populations to evaluate their over-time judgement with respect to their skill growth due to the class.
LIMITATIONS AND IMPLICATIONS
The design of this study carries with it the limitations of possible self-selection into sections based on time of day and dropping a course after learning it was service-learning (although only five people reported doing this throughout data collection). Though the whole course has the same coordinator who ensures uniformity, variance among individual section instructors presents a lack of consistency. This study is also limited by its being restricted to one university over the course of three years. Due to the nature of the courses, SL students completed a design service-learning project, while non-SL did a design project. Since this is inherent to the study, however, this is not as much a source of bias as it is the tested difference.
In regards to practical implications for practitioners, we note that using the skill reflection papers during the SL project forced students to focus on how different elements of the SL courses were affecting their interpersonal, job, and analytical skills. This allowed them to identify areas of needed change and act upon them during the next session. This discrete, concrete, and periodic self-assessment that was graded only for completion was highly helpful in aiding students to become self-reflective professionals. Additionally, being able to use the three constructs developed in this paper may help practitioners determine which skillsets are being particularly affected by service-learning, thus allowing targeting of particular skillset constructs in future courses.
